This study employs a stochastic frontier production function analysis to examine the productivity and technical efficiency of cowpea production in Adamawa State, Nigeria and also to identify the factors affecting the technical inefficiency using farm level survey data collected from 150 cowpea farmers selected using multi stage sampling technique. Findings from the analysis show that cowpea farmers operated on a very small scale and are profitable. The productivity analysis shows that agro chemicals, fertilizer, farm size and labor were all positively and significantly related to the technical efficiency. The return to scale (RTS) of 0.9904 shows that cowpea production was in the rational stage of the production surface. The technical efficiency varies from 0.1094 to 0.9568 with a mean technical efficiency of 0.6649, indicating that farmers were operating below the efficiency frontier. Thus, in the short run, there is a scope to increase output by 34%. The inefficiency model revealed that education of the farmers; extension visits and access to credit are the main factors that affect technical efficiency of the farmers.
where keeping of accurate records is not always a priority hence available data on production are subject to measurement errors. The application of the stochastic frontier model for efficiency analysis include: Aigner, et al. (1977) in which the model was applied to U.S. agricultural data. Battese and Corra (1977) applied the technique to the pastoral zone of eastern Australia. More recently, empirical analysis has been reported by Bravo Ureta and Pinheiro (1993) .
The stochastic frontier production function model is specified as Y= f(Xi,β)+e, where Y is output in a specified unit, X denotes the actual input vector, β is the vector of production function parameters and e is the error term that is decomposed into two components, V and U. the V is a normal random variable that is independently and identically distributed (iid) with zero mean and constant variance ߪ ଶ .it is introduced to capture the white noise in the production, which are due to factors that are not within the influence of the producers. It is independent of U. the U is a non negative one sided truncation at zero with the normal distribution (Tadesse and Krishnamoorthy, 1977) it measures the technical inefficiency relative to the frontier production function, which is attributed to controllable factors (technical inefficiency). It is half normal, identically and independently distributed with zero mean and constant variance. The variance of the random errors (ߪ ௩ ଶ ) and that of the technical inefficiency effects (ߪ ௨ ଶ ) and overall model variance (ߪ ଶ ) are related thus: ߪ ଶ = ߪ ௨ ଶ + ߪ ௩ ଶ , and the ratio ߛ= ߪ ௨ ଶ / ߪ ௩ ଶ is called Gama. Gama measures the total variation of output from the frontier, which can be attributed to technical inefficiency.
The technical efficiency of an individual firm is defined in terms of the observed output Y i to the corresponding frontier output ܻ ‫כ‬ . The ܻ ‫כ‬ is maximum output achievable given the existing technology and assuming 100% efficiency. It is denoted as:
‫כ‬ . Also the TE can be estimated by using the expectation of U i conditioned on the random variable (V-U) as shown by Battese and Coelli 1988. That is TE = f(Xi,β) + V-U / f(Xi,β) +V and that 0≤TE≤1.
Gross Margin. It was used under the assumption that fixed cost component is negligible as in the case with subsistence farming and that the analysis is for short term. It is expressed as:
, where: GM = gross margin (N/ha); ܳ ௬ = output of crop (kg); ܲ ௬ = unit price of the output (100kg); ܳ ௬ ܲ ௬ = total revenue from the crop (N/kg); ܺ = quantity of the ith input used in kg per hectare; ܲ ௫ = price per kg of the ith (N/kg); ܺ ܲ ௫ = total cost associated with the ith input per hectare; Σ = summation sign.
METHODOLOGY
Study area. The study was based on farm level data on cowpea farmers in Adamawa State, Nigeria. Adamawa state is made up of 21 local government areas divided into four zones by the Adamawa state Agricultural Development Programme. The state has a tropical climate marked by dry and rainy seasons. The major economic activity of the inhabitants is agriculture. The main food crops grown are maize, millet, rice, cowpea/beans, groundnut sweat potatoes and cassava. Farming practice in the study area involves the use of hand tools and other simple implements.
Data collection and sampling techniques. The data are mainly from primary sources were collected from 150 cowpea farmers selected using multi stage sampling techniques from three local government areas. The three local governments are Maiha, Hong and Madagali local government areas are purposively selected because of their prominence in cowpea production. Secondly 50 farmers were randomly selected from each of the three local government, making a total number of 150 respondents. Data were collected with the use of a structured questionnaire on inputs, output and income during the production season. Data were also collected on the socio-economic variables such as educational level of the farmers, farming experience, farm size and age of the farmers.
Data analysis. Descriptive statistics (means), gross margin and the stochastic frontier production function were used to analyze the socio economic characteristics of the cowpea farmers, profitability and technical efficiency of cowpea production in the study area respectively.
The production technology of the cowpea farmers was expressed following the adoption of Battese and Coelli, 1988 with the explicit Cob Douglass functional form specified as follows: lnY i =β o +β 1 lnX 1i +β 2 ln X 2i +β 3 lnX 3i +β 4 
RESULTS AND DISCUSSION
The mean output of the cowpea harvested by farmers was 1,169.45 kg, this indicates that the farmers operated at different levels of farm size. The mean age of the cowpea farmer is 37 years, this suggest that cowpea farming is dominated by the youth. The mean years of education shows that on average the highest level of education attained by a farmer is primary school. Average household size is 5 per household, large household size ensures adequate supply of family labour. Average farm size is 2 ha and they received only once visit by extension workers, this indicates that farmers operate on a smaller scale and received limited or no extension contact. The labour used in cowpea production had an average of 600.00 man-days, the findings indicated that production of cowpea require a lot of labour for efficient productivity. Labour was intensively used which required both the used of hired and family labour for more output to be achieved. The average cost of chemicals used in cowpea production was N 1,872, this shows that cowpea production requires a lot of chemical for viable output.
Profitability Analysis: cowpea production was a profitable business in the study area as shown by the average gross margin of N50, 897.12. The cost elements in the total variable cost (TVC) include labour cost and the cost of agro chemicals which is N20, 560.78. Estimates of stochastic frontier production function: for estimating technical efficiency stochastic production function approach was used. The parameters of the frontier production function were estimated using the maximum likelihood estimation MLE and the results are presented in table 2. The estimated stochastic frontier function shows that all the coefficients had the expected sign, indicating that an increase in these variables will lead to an increase of the output. It is also evident from the analysis that the estimate of gama (ϒ) is large and significantly different from zero, indicating that a good fit and the correctness of the specified distributional assumption. Moreover, the estimate of gama, which is the ratio of the variance output was 0.8756. This means that more than 87% of the variations in output among the cowpea farmers are due to differences in technical efficiency. The variable farm size had a coefficient of 0.6651 and is statistically significant at 1% level, meaning that a 1% increase in the use of land will increase output by about 6.6 %.similarly, the variable family labour, fertilizer and chemicals are statistically significant at 5% level. This observation is in line with a priori expectation and implies that the output of the farmers in the study area would be expected to increase with the increasing use of such production inputs. Amaza et al. (2005) , and Ebong (2005) also reported a positive and significant relationship between these variables and technical efficiency. The return to scale (RTS) which is the summation of all the estimated elasticities of production was 0.9904 and showed decreasing return to scale.
This implies that cowpea production is in stage 2 of production surface or decreasing return to scale of the production stage. At this stage every additional unit of production input would lead to less than proportionate addition to output, therefore the use of input is needed to increase the output of cowpea production. The inefficiency model also revealed that the variable education and farming experience are statistically significant at 1% level, meaning that education of farmers and their experience affect technical efficiency. The implication is that farmers that are experienced, with high level of education and have more extension contact tend to be more efficient in farming and hence increase in the output level which is consistence with the findings of Amaza and Olayemi, (2000), while extension visits and access to credit is significant at 5% level which is also in consistence with the findings of Onyenweaku, et al. (2005) .
Technical Efficiency Analysis. The technical efficiency analysis is presented in table 4. The Technical efficiency of the sampled farmers is less than one (i.e. 100%) indicating that all the farmers are producing below the maximum efficiency frontier. The farmers technical efficiency ranged from 0.3318 to 0.9801 with a mean technical efficiency of 0.6649. The distribution of the technical efficiency shows that 54% of the farmer had technical efficiency of 70% above while about 46% of the farmers had technical efficiency of below 70%. The distributions of the technical efficiency suggest that in the short run, there is a scope of increasing cowpea production by about 40%. 
CONCLUSION
Cowpea production is a profitable venture, the return to scale indicates decreasing return to scale, this also indicates that all inputs were used within the rational stage of production surface and therefore its production is inefficient in the study area. The technical inefficiency is also found in the production process. Farmers are also technically inefficient, in order to improve the technical efficiency of the farmers; the government should enhance its extension services and provision of credit facilities in order for the farmers boost cowpea production through financing its agricultural activities.
